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Background and study aims The aim of this pilot randomized controlled trial was to evaluate and compare the satisfaction of the endoscopist along with the effectiveness and safety of sedation between sedation protocol using a combination of propofol (PF) and dexmedetomidine (DEX) (Combination group) and sedation protocol using PF alone (PF group) during gastric endoscopic submucosal dissection (ESD).
Patients and methods Fifty-eight patients with gastric neoplasias scheduled for gastric ESD were enrolled and randomly assigned to the two groups. The satisfaction scores of the endoscopists and the parameters for the effectiveness and safety of sedation were evaluated by comparisons between the two groups.
Results The satisfaction scores of the endoscopists, which were measured using a visual analogue scale, were significantly higher in the Combination group than in the PF group (88 vs. 69, P = 0.003). The maintenance dose of PF was lower in the Combination group than in the PF group (2 mg/kg/h vs. 5 mg/kg/h, P < 0.001), and the number of rescue PF injections was fewer in the Combination group than in the PF group (2 times vs. 6 times, P < 0.001). The incidence of bradycardia (defined as a pulse rate ≤ 45 bpm) in the Combination group was higher than that in the PF group (37.9 % vs. 10.3 %, P = 0.029).
Conclusions This study suggests that gastroenterologistdirected sedation using a combination of PF and DEX during gastric ESD can enhance the satisfaction levels of endoscopists by providing stable sedation with an acceptable safety profile. usefulness of sedating patients using PF alone during ESD because it achieves better outcomes, including less restlessness and quicker recovery times, and has a safety profile that is similar to conventional sedation with midazolam (MDZ) [5 -7] . More recently, the introduction of dexmedetomidine (DEX) has attracted a considerable amount of attention for its usefulness in sedation during ESD [8, 9] . However, there are currently no clearly established guidelines regarding the most effective and safe protocols for ESD or who the sedatives should be administered by. In addition, little is known about the endoscopist's satisfaction regarding the sedation method used during ESD.
We developed a sedation protocol using a combination of PF and DEX for ESD, with the hypothesis that this approach would provide stable and safe sedation and improve the endoscopist's ease of manipulation during ESD. We previously demonstrated the efficacy and safety of sedation under the guidance of anaesthesiologists using a combination of PF and DEX during oesophgeal ESD compared with conventional sedation using MDZ [10] . However, our previous report did not demonstrate superiority, and additional effects from the addition of DEX to PF were not detected because no comparative analysis between PF alone and a combination of PF and DEX was performed; moreover, that study had the limitation of being retrospective. This pilot randomized trial was conducted to evaluate and compare the satisfaction of the endoscopist, along with the effectiveness and the safety of sedation, between sedation using a combination of PF and DEX under the guidance of gastroenterologists and sedation using PF alone during gastric ESD.
Patients and methods

Patients
Fifty-eight patients with gastric neoplasias (68 lesions) scheduled for ESD at Yokohama City University Hospital during the period from April 2015 through March 2016 were enrolled and randomly assigned to a sedation protocol using PF alone (PF group, 29 patients) or a sedation protocol using a combination of PF and DEX (Combination group, 29 patients) according to a random number list. An investigator who was not directly involved in this study preorderd a random number list using Excel 2013 (Microsoft Co., Redmond, WA., USA) and was responsible for the allocation and concealment.
Patients classified with an American Society of Anesthesiologist (ASA) physical status higher than II, patients with a tracheotomy orifice or a cardiac pacemaker, patients with a history of allergy to the study drugs, and patients without written informed consent were excluded.
Medications and sedation protocol
All patients received supplemental oxygen at a flow rate of 2 L/ min via nasal cannula. Local pharyngeal anaesthesia was performed using an 8 % topical lidocaine spray prior to the intravenous administration of the sedatives in all cases. ESD procedures were performed in the endoscopy laboratory by four skilled endoscopists accredited by the Japan Gastroenterological Endoscopy Society. Endoscopists with a minimum experience of performing more than 100 cases of gastric ESD participated in the present study. All sedation protocols were performed by two gastroenterologists who were not directly involved in the endoscopic procedure. The gastroenterologists in charge of sedation were well trained in basic and advanced cardiac life support before participating in this study and administered the study drugs under the supervision of anaesthesiologists. Anaesthesiologists were also on standby in case of an emergency. Resuscitation equipment was available in the endoscopy laboratory at all times. The target level of sedation during ESD was deep sedation, namely, a score of 1 or 2 on the Modified Observer's Assessment of Alertness/Sedation Scale (MOAA/S) [11] (▶ Table 1 ).
In the PF group, an initial bolus of 20 mg of PF (Diprivan; AstraZeneca K. K., Osaka, Japan) was administered intravenously for induction, and the bolus administration of 20 mg doses of PF was repeated until the patients reached the proper sedation level, which was reflected by the loss of the eyelash reflex. After induction, the continuous infusion of PF at 2 mg/kg/h was used for maintenance (▶ Fig. 1 ).
In the Combination group, given simultaneously with the same protocol for PF administration as the PF group, a continuous-rate infusion of DEX (Precedex; Hospira Japan Co., Ltd., Osaka, Japan) was performed using a rate of 6 μg/kg/h for 10 min to induce sedation. This was followed by the continuous administration of DEX at fixed rate of 0.5 μg/kg/h as the maintenance infusion rate (▶ Fig. 2) .
For both groups, a rescue bolus injection of 20 mg of PF was administered if the patient began to move or show signs of discomfort during ESD. If the MOAA/S scale showed a score of three or more, the PF infusion rate for maintenance, in not only the PF group but also the Combination group, was increased by 1 mg/kg/h in a stepwise manner. In contrast, the maintenance infusion rate of DEX in the Combination group remained fixed until the removal of the lesion.
Monitoring
Electrocardiography, an automated blood pressure metre, pulse oximetry, and capnography were used for intraoperative monitoring in all cases. In addition, consciousness levels were assessed initially after the induction of sedation and then at 15-min intervals thereafter during ESD using the MOAA/S scale. All monitoring information andadministered medications were ▶ Original article
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recorded in the anaesthesia chart by a gastroenterologist in charge of sedation.
Outcome measurement and definitions
The clinical characteristics of the patients (including age, gender, body mass index, Brinkman index, alcohol consumption, underlying diseases, and ASA physical status), baseline vital signs (including percutaneous oxygen saturation, systolic blood pressure and pulse rate), and endoscopic findings for gastric neoplasms (including the lesion localized site and macroscopic type) were obtained before ESD. In addition, histopathological findings after ESD (including invasion depth of the lesion, the coexistence of an ulcer scar and the resected specimen size) and ESD outcomes (including en bloc resection rate, complete resection rate, total sedation times, procedural times for resection and procedure-related complications) were collected. Administered medications, patient monitoring information during ESD and recovery times were assessed from the anaesthesia chart. At the end of ESD, endoscopists and sedation providers scored the degree of their satisfaction based on the performance of the procedure and the stability of sedating the patients using a visual analogue scale (VAS) ranging from 0 (most unsatisfactory) to 100 (most satisfactory). We defined presence of hypertension, diabetes mellitus, dyslipidemia, cerebral infarction, ischemic heart disease, pulmonary disease, liver cirrhosis and renal dysfunction as underlying diseases. Pulmonary disease was defined as asthma, chronic obstructive pulmonary disease, bronchiectasis, sequelae of pulmonary tuberculosis or tuberculous pleurisy and interstitial lung disease. Renal dysfunction was defined as an estimated glomerular filtration rate (eGFR) of less than 60 ml/min/ 1.73 m 2 [12] . Localized site and invasion depth of the lesion were classified according to the Japanese classification of gastric cancer by the Japanese Gastric Cancer Association [13] . The macroscopic type was classified as either elevation or depression. A flat lesion was included in depression. En bloc resection was defined as resection in a single piece. Complete resection was defined as tumour-free lateral and vertical margins on histopathology in en bloc resected specimens. Procedural times for resection, which were defined as the duration from the starting incision of the mucosa to complete removal, were recorded with a digital video recorder. Procedure-related complications were evaluated as the occurrence of bleeding and perforation. Bleeding was defined as intraoperative bleeding that required a blood transfusion, bleeding symptoms such as haematemesis or melena after returning to the ward, or a decrease of greater than 2 g/dL in haemoglobin levels according to a haematological test performed on the day after ESD. A diagnosis of perforation required direct endoscopic visualization of mesenteric fat or radiographic evidence of free air on a computed tomography scan. Recovery times was defined as the duration from the cessation of all sedatives administration to the conscious state in which a patient can follow the physician's instructions.
Study endpoints
The primary endpoint of this study was to compare the satisfaction score of the endoscopists between the PF group and the Combination group. In addition, the effectiveness and the safety of sedation were assessed as secondary endpoints. The parameters for the effectiveness of sedation were defined as the following: "the degree of satisfaction of the sedation providers" performing the management of sedatives and the sedation level, "the maintenance dose of PF" required to maintain proper sedation level, "the number of rescue PF injections" required to prevent patient body movements and discomfort, and the presence or absence of "restlessness" defined as severe patient body movements requiring physical restraint. The parameters for the safety of sedation adopted the presence or absence of "hypoxemia", which was defined as a percutaneous oxygen saturation level ≤ 94 %; "hypotension", which was defined as a systolic blood pressure ≤ 80 mmHg; "bradycardia", which was defined as a pulse rate ≤ 45 beats per minute (bpm); and "serious adverse events", which were defined as those resulting in cardiorespiratory instability that cannot be immediately resolved by sedation providers alone and forced the discontinuation of ESD. These parameters were evaluated by comparisons between the two groups.
Statistical analysis
We used Fisher's exact test to perform a categorical comparison of the data. Differences between continuous data were compared using the Mann-Whitney U test. The level of significance was set at a P-value < 0.05. All statistical analyses were performed using IBM SPSS Statistics 22 (IBM Co., Chicago, IL, USA). 
Ethics
The current study was conducted in accordance with the Declaration of Helsinki. This study protocol was approved by the institutional review board of Yokohama City University Hospital and registered at http://www.umin.ac.jp/ctr/index/htm (registration number UMIN000013739 under UMIN Clinical Trials Registry). Written informed consent was obtained from all participants, not only for the endoscopic treatment under each sedation protocol but also for the use of the patients' clinical data for research purposes.
Results
Clinical details of the patients, lesions and procedures
Clinical details of the patients, lesions and procedures for both groups are shown in ▶ Table 2 . There were no significant differences between the two groups in clinical patient characteristics, endoscopic findings for gastric neoplasias, ESD outcomes and recovery times. However, histopathological findings after ESD showed that the number of gastric neoplasias invading the submucosa was larger in the Combination group than in the PF group (5 vs. 0, P = 0.019).
The satisfaction of the endoscopists and the parameters for the effectiveness of sedation ▶ [range]). The percentage of patients who showed restlessness was lower in the Combination group than in the PF group; however, there was no statistically significant difference between the two groups (6.9 % vs. 24.1 %, P = 0.144).
Parameters for safety of sedation ▶ , and the incidence of bradycardia (defined as pulse rate ≤ 45 bpm) was significantly higher in the Combination group than in the PF group (37.9 % vs. 10.3 %, P = 0.029). Although some patients experienced sedation-related adverse events as mentioned above, hypoxemia was successfully treated by securing the airway using the jaw-thrust manoeuver or increasing supplemental oxygen; cardiovascular depression was also immediately reversed by administering medicine such as ephedrine or atropine. In the present study, no serious adverse events necessitated intubation or ventilation, and discontinuation of the procedure was not required in any cases.
Discussion
Endoscopists need to pay close attention to the occurrence of procedure-related complications resulting from patients' body movements during ESD and are therefore subjected to psychological stress and strain over a long time period. A stable sedation with few patient body movements is mandatory to enhance the swiftness and precision of the procedure and reduce the mental burden on endoscopists, leading to enhancement of the satisfaction levels of endoscopists. Many studies have been published on the usefulness of sedation for ESD using new sedatives, such as PF and DEX [5 -8] . However, the evidence on sedation is limited regarding the satisfaction of endoscopists. This trial showed that sedation using PF combined with DEX enhanced the satisfaction levels of the endoscopists in comparison with sedation using PF alone. What additional factors are important for sedation in ESD? In our opinion, the ability of the sedatives to maintain a proper sedation level that minimizes patient body movements is one of the most important features of the sedation protocol for ESD. Therefore, we evaluated that the maintenance dose of PF, the number of rescue PF injections, and the presence of restlessness as parameters of sedation effectiveness in the present study. Both the maintenance dose of PF and the number of rescue PF injections were lower in the Combination group than in the PF group. The reduction of such parameters represents sedation of high effectiveness while maintaining proper a sedation level. However, there were no statistically significant differences between the two groups in the incidence of restlessness, which was defined as "severe" body movements of the patient requiring physical restraint.
The other important factor required in sedation for ESD is safety, as the procedure should have a minimal influence on the patient's cardiorespiratory status. The definition of criteria for cardiorespiratory adverse events was determined by consensus among anaesthesiologists, endoscopists and sedation providers, which was designed for the security of patients under sedation. With respect to desaturation, setting the cut-off value of desaturation at a percutaneous oxygen saturation level of ≤ 94 % was considered appropriate for the patients receiving supplemental oxygen to readily detect hypoventilation, because the measurement of oxygen saturation had been reported to be insensitive to the detection of hypoventilation [14] . A systolic blood pressure ≤ 80 mmHg used as the cut-off value of hypotension was little debatable from the perspective of cardiovascular function. Lastly, previous literatures had reported the 
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▶
The current study demonstrated that the incidence of bradycardia in patients under sedation using a combination of PF and DEX was higher than that in patients under sedation using PF alone. DEX possesses the potential problem of cardiovascular suppression by suppressing the release of norepinephrine from sympathetic nerve endings and weakening the sympathetic nerve activity [16 -18] . However, a previous meta-analysis of randomized controlled trials comparing DEX with MDZ for gastrointestinal endoscopy showed that there were no significant differences in the incidence of bradycardia between sedation using DEX and using MDZ [19] . Compared to the effects of using DEX alone, the synergistic effects of PF and DEX may have affected the incidence of bradycardia at the present study. In addition, previous research has demonstrated that cardiovascular suppression is frequently observed when using a loading infusion of DEX [20] . Our protocol for DEX administration may have also influenced the incidence of bradycardia in the present study.
The current study showed that minimum values of vital signs during sedation were very low in both groups. It is unkown whether these are much lower compared to the results in the past literatures because few previous researches showed the lowest values of vital signs during sedation. One of the reasons for the low degree of our result values might be the target level of our sedation protocol, namely, deep sedation. When adverse events occurred, well trained sedation providers promptly initiated airway management for respiratory depression or pharmacologic intervention for cardiovascular depression. Consequently, all cardiorespiratory events were immediately reversed, and therefore the minimum values of vital signs were transient. Regardless of the degree of the minimum values of vital signs, the persistent cardiorespiratory instability, which cannot be immediately resolved after performing the abovementioned procedures and requires the interruption of ESD to provide intensive care, is "true" serious adverse events. We defined such situations as serious adverse events and observed no case in which ESD had to be interrupted as a result of cardiorespiratory depression in the present study. The high satisfaction scores of the sedation providers in the Combination group may represent the safety of our protocol. However, the number of facilities that are capable of assigning a dedicated sedation provider is not so much. Therefore, the results of the present study should be carefully interpreted.
With respect to a sedation protocol using PF alone, Kiriyama S, et al. previously demonstrated that the starting level of continuous infusion rate of PF at 3 mg/kg/h for maintenance was appropriate dose in the efficacy and safety of sedation during gastric ESD [5] . The maintenance infusion rate of PF in our protocol was lower than that in their report. In addition, an analgesic agent such as pentazocine or pethidine hydrochloride was not used in conjunction with sedation. Unlike PF, DEX possesses an analgesic property in addition to its anxiolytic and hypnotic activities. Although the usefulness of concurrently used analgesics have not yet been sufficiently investigated for deep sedation [21] , analgesics are generally used with PF during ESD in clinical practice. These differences compared with previously reported studies may have influenced the results of the current study.
Furthermore, this trial with gastroenterologist-directed sedation included the only patients classified with an ASA physical status I or II based on the American Society for Gastrointestinal Endoscopy (ASGE) Task Force recommendation that anaesthesiologists should be considered when providing sedation for ASA physical status III, IV, and V patients during endoscopy [14] . However, ESD and sedation are sometimes applied in high risk patients with severe comorbidity, and these patients might have more severe sedation-related adverse events under sedation using a combination of PF and DEX. The exclusion of patients classified with an ASA physical status higher than II may have influenced the results of the present study, which might limits the generalizability of our protocol.
In addition to the above, there are several limitations to this study. First, the results are from a single-centre trial. Therefore, generalization of the results is difficult, and an additional multicentre trial is necessary. Second, our study sample size was not transcendentally determined due to a lack of a priori knowledge. The limited statistical power might have impacted the exclusion of severe adverse events or clarification of the effectiveness and safety of sedation using a combination of PF and DEX. Based on this pilot study, further study with adequate statistical power must be conducted. Third, when selecting a sedation protocol, medical cost is an important factor. According to the standard price of medicine prescribed under the Japanese Health Insurance System in 2017, the cost of PF is JPY 1920 (USD 16.82) for 500 mg/vial and that of DEX is JPY 5122 (USD 44.87) for 200 µg/vial. The cost-effectiveness of our sedation protocol remains in doubt. Finally, we could not apply a double-blind design because only the patients were blinded to the group allocation, while the medical staff could not be blinded. Sedation providers definitely need to know what sedatives are, taking the security of patients into consideration. However, endoscopists ought to have been blinded to the sedation methods somehow or other. Consequently, we could not completely eliminate the bias of personal preference when they graded the degree of their satisfaction.
Conclusion
Despite its limitations, this pilot randomized controlled trial suggests that sedation using a combination of PF and DEX administered by gastroenterologists during gastric ESD can enhance the satisfaction levels of endoscopists by providing stable sedation with an acceptable safety profile when combined with careful monitoring to detect bradycardia. We therefore expect that sedation using a combination of PF and DEX will be more commonly used during gastric ESD and will be further validated for its appropriateness and effectiveness.
